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(54) Abstract Title 

An insulating plug for an electric discharge lamp 

(57) An insulating plug for an electric discharge lamp comprises: a front portion that has an outer cylindrical 
portion (33) and an mner cylindrical portion (31), wherein the inner cylindrical portion has an opening to 
receive an arc rube of an electric discharge lamp; a focusing ring (34) extending from the outer cylindrical 
port.on of the front poaion; and a rear portion having a cylindrical rear end portion (42) and a centre portion 
(43). The thicknesses of the rear cylmdhcal portion (t1), the front inner cylindrical poaion (t2) and the front 
outer cyhndnca! port.on (tS) obey the following relationship: t1>t2>t3. The front portion, the focusing ring and 
the rear portion are integrally moulded by injecting a synthetic resin into a mould through a gate in the mould 
The gate faces the cylindrical rear-end portion of the rear portion of the insulating plug. The design of the plug 
cuts down the amount of plastic used to make the plug and also reduces the probability of any voids forming 
during the plug's manufacture. 
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ELECTRIC DISCHARGE LAMP APPARATUS 

AND 

INSULATING PLUG THEREFOR 

The present invention relates to an insulating plug for an electric 
discharge lamp apparatus having a structure that a lamp-side connector 
to which a connector for supplying electric power can be connected and 
disconnected is integrally provided for the rear end of the main hodv of 
an insulating plug having a front end to which an arc tube is secured and 
held. 

As shown in Fig. 15, a conventional electric discharge lamp 
apparatus has a structure that an arc tube 3 is, through a metal lead 
support 2a and a ceramic disc 2b, integrally secured to the front end of 
an insulating plug body (an insulating base) 1 made of synthetic resin. 

Note that a hole, through which a rear end of the arc tube is 
insened, is formed in the front surface of the insulating plug body 1. 

The arc tube 3 has a structure that an ultraviolet-ray shielding 
globe 5 is, by welding, integrated with an arc tube body 4 having an 
enclosed glass bulb 4a which is a light emitting ponion in which 
electrodes 4b are disposed opposite to each other. Thus, the enclosed 
glass bulb 4a is surrounded and hermetically sealed by the ultraviolet-ray 
shielding globe 5. The electrodes 4b are connected to lead wires 4e 




On the other hand, a cylindrical portion la extending rearward is 
formed at the rear end of the insulating plug body 1. A belt-shape 
negative-side terminal 6 electrically connected to a front-end lead wire 
of the arc tube 3 through a lead support 2a is exposed on the outer 
surface of the cylindrical portion la. In the central portion of the 
cylindrical portion la, a positive-side terminal 7 electrically connected to 
a rear-end lead wire of the arc tube 3 is exposed. The foregoing 
elements (the cylindrical ponion la, the terminal 6 and the terminal 7) 
constitute a lamp-side connector C2 to which a connector CI for 
supplying electric power can be connected and disconnected. 

A ceramic insulating sleeve 2c is fitted to a lead support 2a 
forwards projecting over the insulating plug body_ 1. Thus, insulation 
between a lead support 2a which is a positive-side passage for electric 
powder and a lead wire at the rear end of the arc tube 3 is maintained, the 
rear-end lead wire being a positive-side passage for electric power. 

As shown in Fig. 16, the insulating plug body 1 is formed by 
injection molding such that the front end surface having a relatively 
large thickness of the insulating plug body 1 faces a gate 9 of the molds 
Sa and Sb. A slide mold Sc is provided for forming a recessed groove 
for receiving a negan^■e-Slde terminal 6 which is formed into an undercut 
ponion. 

However, the conventional insulating plug 1 has a problem in that 

hollow portions B (hereinafter called "voids") which cause dielectnc 



The inventors of the present invention have conducted 
investigations, resulting in the following fact being detected. Resin 
injected through the gate 9 is introduced from the front-end cylindrical 
portion into the rear-end cylindrical portion la so that the cylindrical 
ponion la is filled with the resin. In the rear-end cylindncal portion la 
which is apan from the gate 9 and which has a large thickness, resin 
cannot sufficiently be supplied. Moreover, the molding pressure in the 
foregoing ponion is made to be lower than that in the portions in the 
vicinity of the gate 9. Therefore, gas cannot sometimes sufficiently be 
removed. The resin injected into the cavity is solidified such that the 
peripheral ponion which is brought into contact with the moid is first 
solidified. In the thick wall portions, contraction and solidification 
occur slowly as compared with thin wall portions when the molding 
process is performed. Therefore, resin is pulled by the peripheral 
ponion which has first been contracted and solidified and, therefore, 
deformation takes place. Thus, an estimation is made that voids B are 
formed. 

Therefore, the inventors have formed an inner cylindncal ponion 
and a cylindrical ponion for surrounding the inner cylindncal ponion 
which are provided for the front end ponion of the insulating plug. 
Thus, the thickness of the overall portion from the front end ponion of 
the insulating plug body to the base ponion is reduced as compared with 
thai of the conventional structure so that a unifonn thickness is realized. 




face the gate 9. As a result, no void was observed in the overall portion 
of the insulating plug body 1 including the inside portion of the rear-end 
cylindncal portion la and the front-end cylindncal portion (the inner 
cylindrical portion and the outer cylindrical portion). 

The present invention is established to solve the above-mentioned 
problems experienced with the conventional technique and on the basis 
of the facts detected by the inventors. 

An object of the present invention is to provide an insulating plug 
for an electric discharge lamp apparatus, the weight and cost of which 
can be reduced, and in which insulation can be maintained. 

To achieve the above-mentioned object, an insulating plug for an 
electric discharge lamp apparatus accoridng to the present invention, 
comprising: a front portion includes an outer cylindrical portion and an 
inner cylindrical portion, the inner cylindrical portion having a 
substantially unique thickness and an opening to receive an arc lube of 
an electric discharge lamp; a focusing ring extending from the outer 
cylindrical portion of the front portion; and a rear portion having a rear- 
end cylindrical portion and a center portion, wherein a thickness tl of the 
rear-end cylindrical portion of the rear portion, and the thinkness t2 of 
the inner cylindrical ponion of the front ponion satisfy a following 
condition; 1 1 > i2. 




front ponion and a thickness t3 of the outer cylindrical portion of the 
front portion satisfy a following condition: tl > t2 > t3. 

The thickness of the insulating plug is enlarged in a direction 
toward the gate. That is, the passage in the cavity through which the 
resin flows is widened toward the gate. Therefore, the resin can 
smoothly be introduced into the overall body of the cavity. Also the 
injection molding pressure can be uniformed in the overall body of the 
cavity. 

The rear-end cylindrical Dortion has the l?ircrp«;r rhirl-npcic: ri in th^ 
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overall body of the insulating plug. Thus, insulation can be maintained 
between the belt-shape negative terminal exposed on the outer surface of 
the rear-end cylindrical portion and the positive terminal exposed in the 
center portion in the cylindrical portion. Moreover, the mechanical 
strength which endures connection and disconnection of the connector 
for supplying electric power can be realized. 

The front-end cylindrical ponion has the next largest thickness t2 
in the overall body of the insulating plug to that of the rear-end 
cylindncal portion. Therefore, insulation between the positive-side 
passage (the rear-end lead wire of the arc tube) for electnc power 
disposed on the inside of the inner cylindncal portion and the negative- 
side passage (electricity carrying members, such as, a lead suppon, 
which are electrically connected to the front-end lead wire of the arc 
tube) disposed on the outside of the inner cylindrical portion can be 




Since the outer cylindncal portion of the front portion is a ponion 
which does not considerably affect the insulation, the foregoing portion 
has the thickness t3 which is the smallest thickness in the insulatins plug. 
Therefore, a large space is formed between the outer cylindncal portion 
and the inner cylindrical ponion of the fomt portion. Moreover, the 
mechanical strength can be realized to integrally support the focusing 
ring which is received in a valve receiving hole of a reflector for a 
headlamp for an automobile. 

According to another aspect of the invention, there is provided 
the insulating plug described above, wherein the front portion, the 
focusing ring and the rear portion are integrally molded by injecting a 
synthetic resin into a mold from a gate of the mold, the gate facing the 
rear portion of the insulating plug. 

Preferably, in the insulating plug, the gate facing the rear-end 
cylindrical portion of the rear portion of the insulating plug. 

The cylindrical portion is formed adjacent to the rear portion, 
while the inner cylindrical portion and the outer cylindrical portion arc 
formed adjacent to the front portion. The overall body of the insulating 
plug body has substantially the same thickness. Therefore, the 
insulating plug body is free from any excessively thick wail portion as 
has been formed in the conventional insulating plug. Therefore, the 
overall body of the insulating plug can substantially uniformlv be 
contracted and solidified. Thus, there is no apprehension that a void is 



The molding process is pertormed such that the rear-end 
cylindncal portion having the largest thickness in the insulating plug 
body faces the gate of the mold. Therefore, resin injected into the 
cavity through the gate can smoothly be introduced from the rear-end 
cylindncal portion having the large thickness to the inner cylindrical 
ponion and the outer cylindrical portion. As a result, a sufficiently high 
molding pressure can be obtained in any region. 

The space opened forwards is provided for the inner cylindrical 
portion and the outer cylindrical portion which constitute the front 
portion of the insulating plug body. Thus, synthetic resin material 
corresponding to the space region can be saved and thus the overall 
weight can be reduced. 

Accoridng to yet another aspect of the invention, in the insulating 
plug, wherein the resin is injected from plural gates which face to the 
rear portion of the insulating plug, and which are formed at even 
intervals. 

Resin injected into the cavity through each gate of the mold flows 
uniformly in the circumferential direction in the rear-end cylindrical 
portion toward the front portion. .Also in the front portion, namely, 
the inner cylmdncal pomon and the outer cylindncal portion, resm tlow 
uniformls' in the circumferential direction toward the front end- 
Therefore, charging of resin can smoothly be performed. Moreover, the 
molding pressure can be uniformied in the overall bod\' of the plug. 




terminal exposed around the rear-end cylindrical ponion of the rear 
ponion, wherein the first electric terminal is made of an electic 
conductive material; and a second electric temiinal exposed around the 
center ponion of the rear portion, wherein the second electric temiinal is 
made of an electric conductive material, and at least the first electric 
terminal is integrated with the insulating plug at injecting the synthetic 
resin into the mold. 

Preferably, in the insulating plug described above, the second 
electricl terminal is also integrated with the insulating plug at iniectms 
the synthetic resin into the mold. 

In the accornpany ing drawings: 

Fig. 1 is a perspective view showing an electric discharge lamp 
apparatus according to a first embodiment of the present invention; 

Fig. 2 is a side view showing the electric discharge lamp 
apparatus; 

Fig. 3 is a front view showing the electric discharge lamp 
apparatus; 

Fig. 4 IS a rear view showing the electric discharge lamp 
apparatus ; 

Fig. 5 is a vertical cross sectional view (a cross sectional view 
taken along line V-\' shown in Fig. 3) showing the electric discharge 
lamp apparatus; 
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Fig. 7 is a side view showing the arc tube to which the vertically- 
holding member has been secured and intecrrated- 

Fig. 8 is a vertical cross sectional view showing the front surface 
of an insulating plug to which the base plate has been secured and 
integrated; 

Fig. 9 is a rear perspective view showing a base plate; 
Fig. 10 is an enlarged cross sectional view showing a portion in 
the vicinity of the sleeve insertion hole; 

Fig. 11 is a vertical cross sectional view showina an in<:„iafinrT 

* — * 

plug having a rear end facing upwards; 

Fig. 12 is a rear perspective view showing a cap-type terminal; 
Fig. 13 is a plug showing a boss to which the cap-type terminal is 

fitted; 

Fig. 14 IS a cross sectional view showing a mold for injection- 
molding an insulating plug body; 

Fig. 15 is a vertical cross sectional view showing a conventional 
electric discharge lamp apparatus; and 

Fig. 16 is a cross sectional view showing a mold for injection- 
molding a conventional insulating plug for an electnc discharge lamp 
apparatus. 



An embodimen; of the present invention will now be described. 
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apparatus to which an insulating plug according to the first embodimenl 
of the present invention is applied. Fig. 2 is a side view showing the 
electric discharge lamp apparatus. Fis- 3 is a front view showincx the 
electric discharge lamp apparatus. Fig. 4 is a rear view showing the 
electric discharge lamp apparatus. Fig. 5 is a vertical cross sectional 
view (a cross sectional view taken along line V-V shown in Fig. 3) 
showing the electric discharge lamp apparatus. Fig. 6 is an exploded 
perspective view showing a vertically-holding member for holding an 
arc lube. Fig. 7 is a side view showing the arc tube to which the 
vertically-holding member has integrally be secured. Fig. 8 is a vertical 
cross sectional view showing a front end portion of an insulating plug to 
which a base plate has integrally been secured. Fig. 9 is a rear 
perspective view showing the base plate. Fig. 10 is an enlarged cross 
sectional view showing a portion in the vicinity of a sleeve insertion hole. 
Fig. 11 IS a vertical cross sectional view showing the insulatin<7 nlu^ 

o ore? 

having a rear end facing upwards. Fig. 12 is a rear perspective view 
showing a belt-type terminal. Fig. 13 is a perspective view showing a 
boss to which the cap-type terminal is fitted. Fig. 14 is a cross sectional 
view showing a mold for injection-moldmg the insulating plug body. 

Refernng to the drawings, an insulating plug 30 is made oi 
synthetic resin. A lamp-side connector C2 at a rear end of the 
insulating plug 30 to which a power-supply-side connector Cl (see Fig. 
2) can be connected and disconnection is integrally formed. Moreover. 
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fl (see Figs. 2 and 5) which is engaged to a valve insertion hole 102 (see 
Fig. 2) of a reflector 100 of a headlamp for an automobile. In front of 
the insulating plug 30, a lead support 36 forwards extending from the 
plug 30 and a metal support member 50 secured to the front surface of 
the plug 30 secure and support the arc tube 10. Thus, the electric 
discharge lamp apparatus is constituted. 

That is, an inner cylindrical portion 31 having a front surface on 
vv'hich a base plate 51 is exposed forwards and a focusing ring 34 are 
disposed in the peripheral portion of the front end of the plug 30, the 
inner cylindncal portion 31 being opened forwards. Moreover, an outer 
cylindrical portion 33 surrounding the inner cylindncal portion 31 and 
opened forwards is provided for the front end portion of the plug 30. A 
lead wire 18a extending from the front end of the arc tube 10 is, by spot 
welding, secured to a bent leading end 37 of a lead support 36 forwards 
projecting over the plug 30. Moreover, the rear end of the arc tube 10 is 
held by a metal vertical holding member 60 comprising a slide plate 61 
and an arc-tube holding band 71 welded and secured to the base plate 51 
exposed in the front surface of the inner cylindrical portion 31. 

The arc tube 10 has a structure that a cylindrical ultraviolet-ray 
shieldmg slobe 20 is welded (hermetically joined) to an arc tube body 1 1 
which incorporates an enclosed glass bulb 12 in which tungsten 
electrodes 15a and 15b are disposed opposite to each other. Thus, the 
enclosed slass bulb 12 is surrounded and hermetically sealed by the 



-11- 



connecting the tungsten electrodes 15a and 15b to each other is indicated 

in Figs. 1,2,5 and 7. 

The arc tube body 11 has the enclosed glass bulb 12 
manufactured from cylindrical pipe shape quartz glass tube, held 
between pinch seal ponions 13a and 13b each having a rectangular 
lateral cross sectional shape at a predetermined position in the 
lengthwise direction and formed into a rotative elliptic shape. In the 
glass bulb 12, staning rare gas, mercury and metal halide, for example, 
sodium-scandium light emitting substances, are enclosed. Molybdenum 
foil members 16a and 16b each of which is formed into a rectangular 
shape is hermetically bonded on the pinch seal portions 13a and 13b. 
Tungsten electrodes 15a and 15b disposed opposite to each other in the 
enclosed glass bulb 12 are connected to either one of the molybdenum 
foil members 16a and 16b, while lead wires 18a and ISb extending 
outwards from the arc tube body 1 1 are connected to the other one of the 
molybdenum foil members 16a and 16b- 

The cylindrical globe 20 for shielding ultraviolet-ray having an 
inner diameter larger than the diameter of the enclosed glass bulb 12 is, 
bv welding, integrated to the arc tube body 11. Regions of the arc tube 
body 11 from the pinch seal ponions 13a and 13b to the enclosed glass 
bulb 12 are surrounded and hermetically sealed by the globe 20. 
Moreover, a rearv.'ardly-extending portion 14b (see Fig. 5) of the arc 
tube body 11 which is formed into a cylindrical pipe shape and which is 



The globe 20 is made of quanz glass into which Ti02 and Ce02 
has been doped and which has an ultraviolet-ray shielding effect. Thus, 
ultraviolet rays of light can reliably be removed which have been emitted 
by the enclosed glass bulb 12, which is the electncally discharge portion 
in predetermined regions harmful to the human body. The inside 
portion of the globe 20 is made to be vacuum or in a state in which inert 
gas has been enclosed. Thus, the globe 20 has a heat insulating action 
for insulating heat radiated from the enclosed glass bulb 12 which is the 
electnc discharge ponion. As a result, the characterisrir^ of rh. i.^^ 
are not affected by dint of change m the external environment. 

Therefore, the metal members, such as the lead support 36 and 
the slide plate 61, are irradiated with light allowed to pass through the 
ultraviolet-ray shielding film, that is, light from which the ultraviolet 
rays in a predetermined wavelength region have been cut. Thus, the 
quantity of free electrons which are excited and thus discharged to the 
outside of the metal members can be reduced. As a result, the problem 
in that the steam pressure of the light emitting substance ,n the enclosed 
glass bulb 12 is reduced can be prevented. 

The insulating plug 30 is manufactured by injection-molding 
svnthet-c resin. An opening 32 through which a rearwardly-extending 
portion 14b of the arc tube 10 can be inserted and in which the same can 
be accommodate ,s formed in the front-end inner cylindrical ponion 31 
of the plug 30. An outer cylindrical ponion 33 havmg a focusing nns 
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(see Figs. 3 and 6) in which the sleeve insenion hole 35a is formed. 
Thus, the synthetic resin for forming the plug 30 can be saved. That is, 
a cylindrical space 33a having a C-shape lateral cross section is formed 
between the inner cylindrical portion 31 and the outer cylindrical portion . 
33. As a result, the resin material corresponding to the space 33a can 
be saved and thus the weight of the plug 30 can be reduced. 

The metal base plate 51 defining the reference plane is 
hermetically secured to the front end of the inner cylindrical portion 31. 
As shown in Figs. 6, 8 and 9 which are enlarged views, the base plate 51 
has a structure that a cylindrical portion 54 is provided for the inner end 
of the annular base portion 52. As shown in Fig. 14, insertion molding 
is performed such that injection molding is carried out in a state in which 
the base plate 51 is inserted into the mold 80. In this embodiment, the 
mold 80 comprising a stationary mold member 80A and a movable mold 
member 80B which is attached to and detachable from the stationary 
mold member BOA. Thus, an integrated form is realized in which the 
annular base ponion 52 is exposed to the insulating plug 30. Four 
folded portions 56 bent outwards are provided for the leading end of the 
cvlindncal portion 54 at the same inter\'als in the circumferential 
direction. The folded ponions 56 are embedded in the inner cylindrical 
portion 31 of the insulating plug to serve as separation stoppers. Thus, 
the base plate 51 is firmly integrated and secured to the inner cylindrical 
portion 31. Therefore, there is no nsk of the separation, for example. 



The front surface of the annular base ponion 52 of the base plate 
51 integrated with the insulating plug 30 is formed into reference plane 
f2 (see Figs. 2 and 8) running parallel to reference plane fl (see Fiss. 2 
and 5) of the focusing ring 34 which is a positioning reference member 
with respect to the reOector 100. A metal vertical holding member 60 
including a metal slide plate 61 and a metal arc-tube holding band 71 and 
arranged to vertically hold the globe 20 of the arc tube 10 is welded and 
secured to the upper surface of (the base portion 52 of^ the base plate 5 1 . 
As a result, the electrically discharging axis L of the arc tube 10 is 
brought to a predetermined position on the central axis L2 (see Fi^^s. 2 
and 11) of the focusing ring 34. 

That is, as shown in Fig. 6, the arc-tube holding band 71 
constituting the vertically-holding member 60 has rectangular tag-shape 
members 74 each of which is folded to have an L-shape cross section and 
formed at each of the two abutting portions of an elongated band body 72. 
When the tag-shape members 74 of the band body 72 wound around the 
globe 20 of the arc tube 10 are caused to abut against each other so as to 
be spot-welded at a spot welding portion 75, the arc-tube holding band 
71 can be wound around the globe 20 so as to be secured to the globe 20. 
Folded portions 73 are formed in the lengthwise direction of the band 
body 72. When the folded portions 73 are elastically deformed, the 
band body 72 is contracted in the lengthwise direction. Thus, the band 
body 72 can be wound around the globe 20 so as to be secured to the 




As shown in Figs. 6 and 7, the metal slide plate 61 constituting 
the venically-holding member 60 is formed into an annular shape having 
a base portion 62 which matches the base 52 of the base plate 51. Four 
tag-shape holding members 64 in the form of leaf springs arranged to be 
stood erect by cutting are formed at the same intervals in the 
circumferential direction of the inner end of the base portion 62. The 
outer surface of the arc-tube holding band 71 wound around the globe 20 
of the arc tube 10 and thus secured to the globe 20 is held between the 
tag-shape holding members 64. Moreover, the tag-shape holding 
members 64 are laser-welded at laser-weided ponions 65 to the arc-tube 
holding band 71. Thus, the arc tube 10 is integrated with the slide plate 

61 in such a manner that the electrically-discharge axis L of the arc tube 
10 is perpendicular to a joining surface f3, i.e. a bottom surface of the 
base portion 62 of the slide plate 61 (see Fig. 7) of the slide plate 61 with 
the base plate 51 and apart from the bottom surface f3 of the base portic ; 

62 for a predetermined distance HI . 

The slide plate 61 of the vertically-holding member 60 to which 
the arc tube 10 has been integrated is slidingly moved (slid) along the 
base portion 52 of the base plate 51. When the electrically-discharging 
axis L has coincided with the central axis (the central axis of the electnc 
discharge lamp apparatus) L2 of the focusing ring 34, (the base portion 
62 ot7 the slide plate 61 is laser-welded to (the base portion 52 of^ the 
base plate 51. Thus, the arc tube 10 is integrated with the insulating 
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electrically-discharging axis L of the arc tube 10 is brought lo a required 
position with respect to the focusing ring 34. 

An insulating sleeve 38, into which the lead support 36 is insened, 
which IS formed into a cylindrical pipe shape and which is made of 
ceramic, is insened into the sleeve insertion hole 35a opened in the front 
surface of the insulating plug 30. An insertion end of the lead support 
36 which has penetrated the insulation sleeve 38 is insened and laser- 
welded to a lead-support engaging hole 45a of a belt-type terminal 44 
which rearwards projects from a lead-support insertion hole 35b (see Fig 
5) formed in the bottom portion of the sleeve insertion hole 35a and 
penetrating the rear portion of the insulating plug 30 and which is 
disposed at the rear end of the insulating plug 30. 

The insulating sleeve 38 is disposed to cover the substantially 
overall region of a straight portion of the lead support 36 which 
constitutes a first electric passage for electric power, for instance, the 
positive-side passage in this embodiment. Thus, insulation from the 
lead wire iSb at the rear end of the arc tube 10 which constitutes a 
positive-side passage for electric power can be maintained. 

As shown in Fig. 10 in an enlarged manner, a tapered hole 35c 
extending to the lead-support insertion hole 35b is formed m the bottom 
portion of the sleeve insenion hole 35a- The insertion end of the lead 
support which has penetrated the insulating sleeve 38 is guided by the 
tapered hole 35c so as to be introduced into the lead-support insertion 




The lead support 36 is bent at a substantially right angle toward 
the central axis of the insulating plug 30 at a position at which the lead 
support 36 is exposed over the front end of the insulating sleeve 38. 
The front end portion of the arc tube 10 is supported by the bent ponion 
37. Waveform bent portions 36a are provided for the straight ponion of 
the lead support in the insulation sleeve 38 adjacent to the front end. In 
a state where the lead support 36 has been inserted into the insulation 
sleeve 38, the bent portions 36a are in hermetically contact with the 
inner surface of the insulation sleeve 38. Therefore, the lead support 36 
and the insulation sleeve 38 are integrated with each other. Thus, 
relative movement between the insulation sleeve 38 and the lead support 
36 causing rattle can be prevented. 

A cylindrical portion 42 extending rearwards and a cylindrical 
boss 43 extending rearwards in the cylindrical portion 42 are formed at 
the rear end of the insulating plug 30. The cylindrical bell-type 
terminal 44 serving as a second electric terminal, for instance a negative- 
side terminal in this embodiment, of the lamp-side connector C2 is 
integrally secured to the outer surface of the base portion of the 
cylindncal portion 42. Moreover, a cap-type terminal 47 sending as a 
first electnc terminal, for instance a positive-side terminal in this 
embodiment, of the lamp-side connector is integrally fit to the boss 43. 

As shown in Fig. 12, the belt-type terminal 44 has a cylindncal 
shape provided with an outward tlange 45. As shown in Fig. 14, the 



out to form the plug 30. Consequenty, the plug 20 with which the belt- 
type terminal 44 is integrated is obtained. The outward flange 45 has an 
engaging hole 45a to which the rear end of the lead support 36, which 
has penetrated the insulating plug 30, is secured by laser-welding. 
Moreover, three cut portions 45b for bringing the bell-type terminal 44 
into a predetermined circumferential direction with respect to the 
insulating plug 30 are, at the same intervals, provided for the outward 
flange 45 in the circumferential direction. 
Four vertical ribs 43a extendi 

CIT ^*.W^..^V^4J ^K^y iJ, V lliX^ 

same intervals, provided for the outer surface of the boss 43 in the 
circumferential direction. Therefore, the adhesive force of the cap-type 
terminal 47 fitted to the boss 43 can be enlarged. As a result, separation 
of the cap-type terminal 47 can be prevented. A lead-wire enoaoin^ 
hole 48 is formed in the upper surface of the cap-type terminal 47. 
Thus, the lead wire 18b extending from the rear end of the arc tube 10 
and allowed to pass through the opening 32 of the insulating plug 30 and 
the lead-wire insertion hole 43b is engaged and laser-welded to the 
engaging hole 48. 

.As shown in Fig. 11, the inner cylindrical ponion 31 and the 
outer cylmdncal portion 33 are provided tor the plug 30 at the positions 
adjacent to the front end of the plug 30. Moreover, the cylindncal 
portion 42 is formed at a position adjacent to the rear end of the plug 30. 
Thus, any portion has a substantially same thickness while no 
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into the cavity of the mold is contracted and solidified in substantially a 
predetermined period of time in any portion of the plug 30. As a result, 
local pulling of resin which occurs when it is contracted and solidified 
and which fomis voids can be prevented. 

The thicknesses tl, t2 and t3 of the rear-end cylindrical portion 42, 
the front-end inner cylmdncal portion 31 and the front-end outer 
cylindrical portion 33 satisfy tl > t2 > t3. Since the cylindrical portion 
42 has the thickness which is reduced toward the rear end, the average 
thickness of the cylindrical portion 42 is made to be tl. 

That is, the thickness of the rear-end cylindrical portion 42 is 
made to be the largest thickness tl in the insulating plug 30 to maintain 
insulation between the belt-type terminal 44 molded integrally with the 
cylindrical portion 42 and allowed to appear outside and the cap-type 
terminal 47 exposed in the center of the cylindrical portion 42. 
Moreover, the mechanical strength which endures connection and 
disconnection of the connector CI for supplying electric power can be 
realized. 

The thickness of the front-end inner cylindrical portion 31 is 
made to be the thickness t2 next to that of the rear-end cylindncal 
portion 42. Thus, the msulation can be maintained between the rear- 
end lead wire ISb of the arc tube 10 which is the positive electricity 
passage disposed on the inside of the inner cylindrical portion 31 and the 
lead support 36 which is the negative electricity passage disposed on the 



strength capable of securing and holding the rear end of the arc tube 10 
can be realized. 

Since the front-end outer cylindrical portion 33 is a portion which 
does not considerably affect the insulation, the thickness of the outer 
cylindrical ponion 33 is made to be the smallest thickness in the 
insulating plug 30 to create the space from the front-end inner cylindrical 
ponion 31. To maintain the mechanical strength to integrally support 
the focusing ring 34 which is inserted into the valve insertion hole of the 
rp.fle.aov of a headlam.p for an automobile, the thickness is m.ade lo be 
the thickness t3. 

As shown in Fig. 14, the insulating plug 30 is molded such that 
the extending end surface of the cylindrical ponion 42 having the largest 
thickness faces the gate 82 of the mold member 80A. While plural 
gates, for instance three gates, may be provided, one of gates 82 is 
indicated in Fig. 14. Since the rear-end cylindrical ponion 42 adjacent 
to the gate 82 has the structure that the resin passage in the cavity has a 
large cross sectional area, resin can smoothly be injected. Since the 
rear-end cylindrical ponion 42 is formed adjacent to the gate, a high 
injection molding pressure is supplied. Therefore, there is no 
apprehension that a void is formed in the rear-end cylindncal ponion 42. 

On the other hand, the inner cylindrical ponion 31 and the outer 
cylindrical ponion 33 which constitute the front-end cylindrical portion 
are formed apart from the gate 82. However, the resin injected through 



thickness of the foregoing portion is small as compared with that of the 
rear-end cylindrical portion 42. Therefore, reduction in the injection 
molding pressure can be prevented. As a result, the resin can smoothly 
be injected to the ends of the inner and outer cylindrical portions 31 and 
33. Therefore, there is no apprehension that a void is formed in the 
inner and outer cylindrical portions 31 and 33. 

The three gales 82 are provided for the stationary-side mold 80A 
at positions on the extending end surface of the rear-end cylindrical 
portion 42 at the same intervals in the circumferential direction. 
Therefore, the resin injected into the cavity through each gate is 
uniformly introduced from the rear-end cylindrical portion 42 into the 
front-end cylindrical ponion (the inner cylindrical portion 31 and the 
outer cylindrical portion 33) so as to be injected. Since a sufficiently 
high molding pressure acts, there is no apprehension that a void is 
formed in the inner cylindrical portion 31 and the outer cylindrical 
portion 33. 

As can be understood from the decryption, the insulating plug for 
an electric discharge lamp apparatus according to the embodiment of the 

present invention has the structure that the portions of the insulating plug 
have substantially uniform thicknesses to prevent excessively large 
thickness. Therefore, a void can be prevented and satisfactory 
insulation between the positive terminal and the negative terminal can be 

realized . 



the insulating plug body faces the gate of the mold. Therefore, 
injection of the resin into the overall body of the cavity in the mold can 
smoothly be performed. Therefore, any void can be prevented in the 
insulating plug body. As a result, an insulating plug for an electnc 
discharge lamp apparatus exhibiting excellent insulating performance 

can be provided. 

Moreover, the synthetic resin material can be saved in a quantity 
corresponding to the space created between the inner cylindrical ponion 
and the outer cvjindrica! portion at the front end of the insulating nl'.ig 
body. Moreover, the weight can be reduced. As a result, a light 
weight and low cost insulating plug for an electric discharge lamp 
apparatus can be provided. 

Furthermore, injection of the resin into the ends of the cavity in 
the mold can furthermore smoothly be performed. Since there is no 
apprehension that a void is formed in the insulating plug body, an 
insulating plug for an electric discharge lamp apparatus exhibiting 
excellent insulation performance can be provided. 

Still funher, the thicknesses of the rear-end cylindrical ponion 
and the front-end inner cylindncal ponion, which must have saiisiactop.- 
insulation charactenstic and great mechanical strength, are enlarged. 
Moreover, the thickness of the front-end outer cylindrical portion which 
does not considerably affect the insulation is reduced. Thus, injection 
of the resin can significantlv smoothly be performed. .As a result, anv 



considerably be saved and the weight of the insulating plug, that 
weight of the electric discharge lamp apparatus can be reduced. 



CLAIiMS 

1. An insulating plug for an electric discharge lamp apparatus, 

comprising: 

a front portion includes an outer cylindrical portion and an inner 
cylindncal portion, said inner cylindrical portion having a substantially 
unique thickness and an opening to receive an arc tube of an electnc 
discharge lamp; 

a focusing ring extending from said outer cylindrical portion of 

said front porLiorr, and 

a rear portion having a rear-end cylindrical portion and a center 

portion, 

wherein a thickness tl of said rear-end cylindncal portion of said 
rear portion, and said thinkness t2 of said inner cylindrical portion of 
said front portion satisfy a following condition: 

tl > t2. 

2. The insulating plug according to claim 1, wherein said 
thickness tl of said rear-end cylindrical portion of said rear portion, said 
thickness l2 of said inner cylindncal portion of said front portion and a 
thickness t3 of said outer cylindncal portion of said front portion satisty 
a following condition: 

tl > t2 > t3. 



injecting a synthetic resin into a mold from a gate of the mold, the gate 
facing said rear portion of said insulating plug. 

4. The insulating plug according to claim 3, wherein the gate 
facing said rear-end cylindrical portion of said rear portion of said 
insulating plug. 

5- The insulating plug according to claim 3, wherein the resin is 
injected from plural gates: which face to said rear ponion uf said 
insulating plug, and which are formed at even intervals. 

6. The insulating plug according to claim 1, further comprising: 
a first electric terminal exposed around said rear-end cylindrical 
portion of said rear portion, wherein said first electric terminal is made 
of an eLectic conductive material; and 

a second electric terminal exposed around said center portion of 
said rear portion, wherein said second electric terminal is made of an 
electric conductive material, and at least said first electric terminal is 
integrated with said insulating plug at injecting the synthetic resin into 
the mold- 

7. The insulating plug according to claim 6, wherein said 
second elec:ncl terminal is also mteerated with said in'^nhn>'^ ^b:-^ -^^ 



S. An elecinc discharge lamp apparatus comprising: 
an arc tube; 

a front portion includes an outer cylindrical portion and an inner 
cylindrical portion, said inner cylindrical portion having a substantially 
unique thickness and an openmg to receive said arc tube; 

a focusing ring extending from said outer cylindncal portion of 

said front portion; and 

a rear portion having a rear-end cylindrical portion and a center 

r->n rt i n n 

r ' 

wherein a thickness tl of said rear-end cylindrical portion of said 
rear portion, and said thinkness t2 of said inner cylindrical portion of 
said front portion satisfy a following condition: 

tl > t2. 

9. The electric dischage lamp apparatus according to claim 8, 
wherein said thickness tl of said rear-end cylindrical portion of said rear 
portion, said thinkness t2 of said inner cylindrical portion of said front 
portion and a thickness t3 of said outer cylindrical portion of said front 

portion satisfy a following condition; 
: 1 > t2 > i3. 

10. The electric dischage lamp apparatus according to claim S, 
wherein said front portion, said focusing ring and said rear portion are 



1 1 . The electric discharge lamp apparatus according to claim 10, 
wherein the gate facing said rear-end cylindrical portion of said rear 
portion of said insulating plug. 

12- The electric discharge lamp apparatus according to claim 10, 
wherein the resin is injected from plural gates which face to said rear 
ponion of said insulating plug, and which are fomned at even intervals. 

13. The electric discharge lamp apparatus according to claim 8, 
further comprising: 

a first electric terminal exposed around said rear-end cylindrical 
portion of said rear ponion, wherein said first electric terminal is made 
of an electic conductive material; and 

a second electric terminal exposed around said center portion of 
said rear portion, wherein said second electric terminal is made of an 
electric conductive material, and at least said first electric terminal is 
integrated with said insulating plug at injecting the synthetic resin into 
the moid, 

14. The electric discharge lamp apparatus according to claim 13, 
wherein said second electncl terminal is also integrated with said 
insuiatine plue at iniectincr the svnthetic resin into the mold. 
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